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by 

C.  W.  Coblentz  and  P.  R.  Achenbach 


I . Int roductlon 

At  the  request  of  the  Public  Buildings  Service^  General 
Services  Administration^  the  performance  characteristics  of 
an  automatic  renewable  media  air  filter  were  determined.  The 
scope  of  this  examination  included  the  determination  of  the 
arrestances  of  the  particulate  matter  in  the  laboratory  air 
and  Cottrell  precipitate^  at  the  rated  air  flow  rate  of  the 
device^  and  at  air  flow  rates  20  percent  above  and  below  this 
rate;  it  included-,,  further^  the  observation  of  the  pressure 
drop^  the  autom.atic  advancement  of  the  filter  medium^  and 
the  determination  of  the  dust-holding  capacity  of  the  filter 
medium . 


2 . Description  of  Test  Specimen 

•The  test  specimen  was  manufactured  and  supplied  for  test 
purposes  by  the  Parr  Company  of  Los  Angeles^  California.  It 
was  identified  as  their  Roll-Kleen  Model  3-70.  The  filter 
medium  reported  on.  was  the  fourth  such  roll  supplied  by  the 
manufacturer  since  the  performance  of  the  earlier  mats  did 
not  meet  applicable  Government  applications  with  regard  to 
either  arrestance  or  dust-holding  capacity. 

jf 

The  filter  medium  was  a glass  fiber  mat  about  1 1/2” 
thick  and  reinforced  on  the  downstream  side  by  a rigid  web- 
bing. The  glass  fibers  appeared  to  be  bonded  by  an  organic 
fibrous  material  and  were  covered  with  an  adhesive.  The  mat 
was  supplied  in  a 3-ft  wide  roll,  compressed  to  approximately 
1/2  in.  thickness.  The  clean  roll  was  suspended  in  the  upper 
part  of  the  housing  and,  after  passing  the  24  in.  square  air 
flow  opening,  was  rolled  up  on  another  spool  at  the  bottom 
of  the  housing  by  an  electric  motor.  While  passing  from  the 
clean  roll  at  the  top  of  the  housing  to  the  bottom  roll,  the 
medium  was  backed  up  by  a stationary  grid  that  prevented  ex- 
cessive deflection  of  the  filter  mat  as  it  passed  across  the 
air  flow  opening.  The  electric  motor  was  controlled  by  a 
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pressure  switch.  General  Controls  Type  L-48A.  This  pressure 
switch  started  the  motor,  l.e.,  the  advance  mechanism,  when 
a certain  pressure  drop  across  the  filter  medium  was  reached 
This  pressure  drop  could  be  selected  in  a wide  range,  where- 
as, the  differential  of  about  0.07  in.  W.G  was  fixed. 


3 . Test  Method  and  Procedure 

The  arrestance  measurements  were  made  in  accordance  with 
the  MBS  ’’Dust  Spot  Method”  described  in  a paper  by  R.  S.  Dill 
and  entitled,  ”A  Test  Method  for  Air  Filters”  (ASHVE  Trans- 
actions, Vol.  44,  p.  379j.  1938). 

For  test  purposes,  the  housing  with  the  filter  media  in 
place  was  installed  in  the  test  apparatus  and  carefully  sealed 
to  prevent  inward  leakage  of  air  except  through  the  measuring 
orifice.  The  desired  rate  of  air  flow  through  the  filter  was 
established  and  samples  of  air  were  drawn  from,  the  center 
points  of  the  test  duct  two  feet  upstream  and  eight  feet  down- 
stream of  the  test  specimen  at  equal  rates  and  passed  through 
known  areas  of  Whatman  No.  4l  filter  paper.  The  change  of  the 
opacity  of  these  areas  was  determined  with  a sensitive  photo- 
meter which  measured  the  light  transm.lsslon  of  the  same  spot 
on  each  sampling  paper  before  and  after  the  test.  The  two 
sampling  papers  used  for  each  test  were  selected  to  have  the 
sam.e  light  transmission  readings  when  clean. 

For  determining  the  arrestance  of  the  filter,  with  Cot- 
trell precipitate  as  the  test  dust,  different  size  areas  of 
sampling  papers  were  used  upstream,  and  downstream,  of  the  fil- 
ter in  order  to  obtain  a similar  increase  of  opacity  on  both 
sampling  papers.  The  arrestance  A (in  percent),  was  then  cal- 
culated by  the  f orm.ula  : 

A=.[l-_^  X ^)x  100 

V su  Au  y 


where  Su  and  Sp  were  the  upstream  and  downstream  sampling  areas 
and  AU  and  AD  the  observed  changes  in  the  opacity  of  the  up- 
stream and  downstream  sampling  papers,  respectively. 

For  determining  the  arrestance  of  the  particulate  matter 
in  the  laboratory  air,  equal  sampling  areas  were  used  for  the 
upstream  and  downstream  samplers.  A similar  Increase  of  the 
opacity  of  the  upstream  and  downstream  filter  papers  was 
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obtained  by  passing  the  sampling  air  through  the  upstream  paper 
only  part  of  the  time  while  operating  the  downstream  sampler 
continuously.  This  was  accomplished  by  installing  one  solenoid 
valve  in  the  upstream  sampling  line  and  another  one  in  a by- 
pass line.  The  valves  were  operated  by  an  electric  timer  and 
a relay  so  that  one  was  open  while  the  other  one  was  closed 
during  any  desired  percentage  of  the  5-mlnute  timer  cycle^  re- 
versing the  position  of  the  two  valves  during  the  remainder 
of  the  cycle.  The  arrestance^,  A (in  percent  was  then  deter- 
mined with  the  following  formula: 


A = 100  - T X ^ 

AU 

where  T is  the  percentage  of  time  during  which  air  was  drawn 
through  the  upstream  sampler^  AU  and  AD  being  the  changes  of 
opacity  of  the  sampling  papers^  as  previously  indicated. 

The  pressure  drop  of  an  automatic  self-cleaning  air  fil- 
ter of  this  type  Increases  during  operation  due  to  the  ac- 
cumulating dust  load  until  it  reaches  the  value  at  which  the 
pressure  switch  is  set  to  operate  the  advance  mechanism.  Wxhen 
the  clean  media  is  moved  into  the  air  stream^  the  pressure 
drop  decreases  until  the  pressure  switch  stops  the  advance 
mechanism.  The  filter  then  operates  repetitively  in  the  on- 
off  range  of  the  pressure  switch^  the  pressure  differential 
controlling  the  length  of  the  clean  blanket  that  is  moved 
into  the  air  stream  and  the  rate  of  dust  accumulation  deter- 
mining the  frequency  of  the  cycles.  The  operation  of  this 
type  of  filter  at  a higher  average  pressure  drop  will  increase 
the  dust  load  per  unit  area  of  the  filter  medium.  This  saving 
on  filter  material^  however^  tends  to  be  offset  by  the  Increase 
of  the  required  blower  power.  The  maximum  pressure  drop  of 
slightly  below  0,5  in.  W.G.  selected  for  this  test  corresponds 
to  comm.on  operating  practice  for  this  type  of  filter. 

The  following  procedure  was  used  for  determining  the  per- 
formance of  the  test  specimen.  After  the  filter  assembly^ 
with  the  new  mat  in  place^  had  been  Installed  in  the  test 
apparatus^  the  pressure  drop  of  the  clean  blanket  was  deter- 
mined at  the  rated  face  velocity  of  500  ft/mln^  i.e.,  at  an 
air  flow  rate  of  2000  cfm,  and  also  at  velocities  of  20  per- 
cent above  and  below  this  value.  To  determine  the  uniformity 
of  the  filter  mat;,  the  blanket  was  then  advanced  approximately 
4 feet  and  the  above  pressure  drop  measurements  were  repeated. 
Thereafter^  several  determinations  of  the  arrestance  were  made 
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wlth  the  particulate  matter  In  the  laboratory  air  as  the  aero- 
solj  followed  by  arrestance  determinations  with  Cottrell  pre- 
cipitate . 

At  the  request  of  the  manufacturer's  representative^  who 
attended  the  test^  some  of  these  arrestance  measurements  were 
made  with  Diglass  filters  Instead  of  Whatman  paper.  No  sig- 
nificant difference  in  the  arrestance  value  could  be  estab- 
lished^ using  these  two  papers  for  collecting  the  sample.  It 
had  been  assumed  that  the  differences  in  performance  of  pre- 
vious filter  mats  observed  at  this  Bureau  and  at  the  manu- 
facturer's plant  were  the  result  of  using  different  sampling 
paper,. 

After  these  arrestance  determinations  were  made^  the 
loading  of  the  filter  with  a mixture  of  96  parts  by  weight  of 
Cottrell  precipitate  and  4 parts  of  lint  was  started.  The 
Cottrell  precipitate  had  been  sifted  previously  through  a 
100-mesh  screen  and  was  dispersed  into  the  test  apparatus  in 
a ratio  of  1 gram  per  1000  cu  ft  of  air.  The  lint  was  intro- 
duced into  the  air  stream  separately  and  had  been  prepared 
by  grinding  No.  7 cotton  linters  through  a Wiley  mill  with 
a 4 mllllm.eter  screen. 

After  the  blanket  had  advanced  several  steps^  the  ar- 
restance determinations  with  both  aerosols  were  repeated. 

The  distance  of  each  advance  of  the  filter  media  was  observed 
by  means  of  small  markers  fastened  to  the  mat.  These  markers 
moved  alongside  a yardstick  mounted  in  the  filter  housing  and 
could  be  observed  through  a glass  window  in  the  test  duct. 

A pilot  light  was  Installed  parallel  with  the  advance  motor 
and  enabled  the  operator  to  record  'the  pressure  drop  of  the 
filter  mat.  Altogether^  a total  of  20  advance  cycles  was 
observed  during  which  the  blanket  moved  49  Inches.  At  the 
term.lnatlon  of  the  test,  a group  of  arrestance  determinations 
with  Cottrell  precipitate  were  conducted  at  face  velocities 
20  percent  above  and  below  the  rated  air  flow  of  the  speci- 
men. A total  of  21  arrestance  determinations  were  made  during 
the  test. 


4.  Test  Results 

The  test  results  are  summarized  in  Tables  1 and  2. 

Table  1 shows  the  observed  values  for  dust  load  and  the 
average  arrestance  values  at  certain  positions  of  the  filter 
mat  using  the  particulate  matter  in  the  laboratory  air  or 
Cottrell  precipitate,  at  the  rated  air  flow  and  at  values 
20  percent  above  and  below  the  rated  flow. 
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Table  1 

Summary  of  Arrestance  Determinations 
Roll-Kleen  Model  3-70 


Dust  Load 

Air  Plow  Rate 

Advance  of  Mat 

Arrestance 

Aerosol 

g/ft  width 

cfm 

in . 

% 

* 

0 

2000 

0 

16 

A 

15 

2000 

0 

70 

C 

312 

2000 

16 

79 

C 

570 

2000 

32 

81 

C 

730 

2000 

46  1/2 

82 

C 

736 

2000 

46  1/2 

20 

A 

748 

1600 

46  1/2 

85 

C 

760 

2400 

46  1/2 

80 

C 

* Aerosol  A - Particulate  matter  in  the  laboratory  air. 
Aerosol  C - Cottrell  precipitate  in  the  laboratory  air. 


NOTE:  Each  arrestance  value  presents  the  average  of  two  or 

more  individual  arrestance  determinations. 


The  dust  load  is  reported  in  grams  per  foot  widths  refer- 
ring to  the  2-ft  square  air  flow  opening.  At  the  end  of  the 
test,  a total  of  1532  grams  of  dust  and  lint  had  been  intro- 
duced into  the  test  apparatus,,  and  no  fallout  was  determined 
in  the  upstream  portion  of  the  duct  so  that  the  full  amount 
had  reached  the  filter. 

The  arrestance  of  the  particulate  matter  in  the  labora- 
tory air  with  a clean  filter  medium  was  observed  to  average 
16  percent  based  on  3 tests.  The  arrestance  of  Cottrell  pre- 
cipitate for  the  clean  filter  was  70  percent,  which  is  the 
average  of  4 individual  arrestance  determinations  which  ranged 
from  69.2  to  71,9^. 

It  will  be  noted  that  the  arrestance  of  Cottrell  precipi- 
tate was  79^  when  the  filter  mat  had  moved  I6  in.  but  varied 
between  8l  and  82^  after  a 32-ln.  movement  of  the  filter  me- 
dium at  rated  face  velocity.  Steady  state  arrestance  of  Cot- 
trell precipitate  was  approximately  8l^,  and  of  the  particu- 
late matter  in  the  laboratory  air,  about  20^,  at  the  I’ated 
flow.  The  arrestance  of  Cottrell  precipitate  increased  to 
85^  when  the  air  flow  rate  was  reduced  by  20^,  and  decreased 
to  80^  when  the  air  flow  rate  was  increased  by  20^. 
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The  dust  load^  and  pressure  drop  before  and  after  each 
advance  of  the  filter  medium,,  together  with  the  Incremental 
and  total  mat  travel  are  shown  In  Table  2 for  the  entire 
test  period. 


Table  2 

Mat  Travel,  Dust  Load  and  Pressure  Drop 
Roll-Kleen  Model  3-70 
at  Rated  Face  Velocity  of  500  ft/mln 


Dust  Load 
g/ft  width 

Travel  of 
Advance 

Mat,  In. 
Total 

Pressure  Drop 
Before  Advance 

, In.  W.G. 
After  Advanc 

0 

0.170 

213 

5 

5 

0.495 

0.420 

240 

3 

8 

0.460 

0.400 

271 

2 

10 

0.460 

0.400 

302 

3 

13 

0.495  ■ 

0.420 

334 

3 

16 

0.495 

0.415 

365 

2 

18 

0.485 

0.410 

386 

2 

20 

0.500 

0.440 

417 

2 1/2 

22  1/2 

0.500 

0.420 

448 

2 

24  1/2 

0.495 

0.420 

469 

2 1/2 

27 

0.495 

0.420 

490 

2 1/2 

29  1/2 

0.490 

0.415 

521 

2 1/2 

32 

0.495 

0.420 

531 

2 

34 

0.495 

0.420 

562 

2 

36 

0.495 

0.430 

593 

2 

38 

0.500 

0.430 

6l4 

2 

40 

0.495 

0.425 

645 

2 1/2 

42  1/2 

0.495 

0.420 

674 

2 

44  1/2 

0.485 

0.425 

696 

2 

46  1/2 

0.490 

0.425 

729 

2 1/2 

49 

0.495 

0.420 

The  pressure  drop  of  two  sections  of  the  clean  filter 
mat,  4 feet  apart  on  the  roll  Is  shown  In  Table  3-  It  Indi- 
cates a variation  of  about  5^  in  the  pressure  drop  for  two 
sections  of  the  blanket  4 feet  apart. 
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Table  3 


Uniformity  of 

Filter  Medium 

Roll-Kleen 

Model  3-70 

Flow  Rate 

Face  Velocity 

Pressure 

Drop,,  In.  W.G. 

cfm 

ft/min 

1,  Section 

4 ft  Further 

2400 

600 

0.218 

0.230 

2000 

500 

0.160 

0.170 

1600 

400 

0.115 

0.120 

The  dust  load  values  shown  in  Tables  1 and  3 a^?e  the  cumu- 
lative weights  of  Cottrell  precipitate  and  lint  that  had  been 
introduced  into  the  test  apparatus  at  the  beginning  of  each 
advance  of  the  filter  medium.  With  the  exception  of  the  first 
advance  cycle^  the  blanket  advanced  between  2 and  3 in.  for 
each  step.  The  individual  advance  could  not  be  observed  much 
closer  than  ± 1/2  in.  and  it  can  be  assumed^  therefore^  that 
the  advance  distance  was  practically  the  same  for  each  step 
after  the  first  16  Inches  of  mat  travel.  The  average  pressure 
drop  before  the  advance  was  0.491  in.  W.G.^  with  a maximum 
value  of  0.500  and  a minimum  of  0.460  in.  W.G.^  whereas^  the 
pressure  drop  at  the  termination  of  the  advance  cycle  averaged 
0.420  in.  W.G.j  with  a maximum  value  of  0.440  and  a minimum  of 
0.400  in.  W.G. 

The  amount  of  Cottrell  precipitate  collected  on  a unit 
area  of  filter  medium  during  the  steady  state  operation  of 
the  test  specimen  provides  a measure  of  the  consumption  of 
mat  length  during  actual  use.  Disregarding  the  insignificant 
mass  of  particulate  matter  collected  on  the  filter  during  the 
arrestance  determinations  with  laboratory  alr^  the  dust- 
holding capacity  per  unit  area  at  rated  air  flow  is  expressed 
by  the  slope  of  the  straight  line  in  Fig.  1.  This  line  was 
drawn  to  approximate  the  least  mean  square  distances  of  the 
points  of  observation.  According  to  this  llne^  there  were 
750  - 250  = 500  grams  per  foot  width  of  dust  received  by  the 
filter  m.at  while  the  filter  mat  traveled  from  the  8.7-  to  the 
51.5-inch  position^  a distance  of  42.8  inches,,  or  3.57  ft. 

Therefore,,  the  dust-holding  capacity  was  500  ^ pijo  grams 

3.57 

per  square  foot.  Table  4 below  presents  a summary  of  the 
performance  data  for  this  filter. 
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Table  4 


Summary  of  Test  Results 
Pressure  Drop,,  clean 

at  600  ft/mln  Face  Velocity  - 0,230  in.  W.G. 

at  500  ft/min  Face  Velocity  - O.I7O  in,  W.G. 

at  400  ft/min  Face  Velocity  - 0.120  in.  W.G. 

Average  Operating  Pressure*  - 0.,491  in.  W.G,  to  0.420  in.  W.G. 


Average  Arrestance* 

Clean  Mat,,  Laboratory  Air  - 16/ 

Cottrell  Precipitate  - 70/ 
Steady  State^,  Laboratory  Air  - 20/ 

Cottrell  Precipitate  - 81/ 


Arrestance  at  Steady  State  with  Cottrell  Precipitate 
at  600  ft/mln  Face  Velocity  - 80/ 
at  400  ft/min  Face  Velocity  - 85/ 

Dust-Holding  Capacity*  - l40  g/ft  width 


* At  rated  face  velocity  of  5OO  ft/mln. 
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THE  NATIONAL  BUREAU  OF  STANDARDS 

TIic  scope  of  activities  of  tiie  National  Bureau  of  Standards  at  its  major  laltoratories  in  Wasliinplon.  D.C.,  and 
Boulder,  Colorado,  is  suggested  in  the  following  listing  of  the  divisions  and  seetiftns  engaged  in  technical  work. 
In  general,  each  section  carries  out  specialized  research,  development,  and  engineering  in  ihe  field  indicated  hy 
its  title.  A brief  description  of  the  activities,  and  of  the  resultant  publications,  appears  on  tlu^  inside  of  the  front 
cover. 

WASHINGTON,  D.C. 

Eleelricily  and  Electronics.  Re.sistancc  and  Reactance.  Electron  Devices.  I'’leelrical  Fnslrumenls.  Mag- 
netic Measurements.  Dielectrics.  Engineering  Electronics.  Electronic  lnstrumcntati()n.  Fdcctrochemistry. 

Optics  and  Metrology.  Photometry  and  Colorimetry.  Photographic  Technology.  I.ength.  Engineering 
Metrology. 

Heat,  Temperature  Physics.  Thermodynamics.  Cryogenic  Ph)8ics.  Rheology.  Molecular  Kinetics.  Free 
Radicals  Research. 

Atomic  and  R.^diation  Physics.  Spcclrosco[)y.  Hadiomelr)'.  Mass  Spcctromelry.  Solid  Stale  I’hysics. 
Electron  Phvsics.  Atomic  Physics.  Neutron  Physics.  Radiation  d'hcory.  Radioactivity.  X-rays.  High 
Energy  Radiation.  Nucleonic  Instrumentation.  Radiological  l*]quipinent. 

Chemistry,  flrganic  Coatings.  Surface  Chemistry.  Organic  Chemistry.  Analytical  Chemistry.  Inorganic 
Chemistry.  I'dccirodeposition.  Molecular  .Structure  and  Properties  ol  (hises.  Physical  (ihemistry.  d’hermo- 
chetnistry.  .Spcctrociiemislry . Pure  Substances. 

Mechanics.  Sound.  Mechanical  Instriuvients.  Fluid  Mechanics.  Engineering  Mechanics.  Mass  and  .Scale. 
Capacity.  Density,  and  Fluid  Meters.  Combustion  Controls. 

Organic  and  Fihrons  Alatcrials.  Rubber.  Textih's.  Paper.  Leather,  d’esling  and  S|)ecilicatious.  Poly- 
m<w  Structure.  Plastics.  Dental  Research. 

Metallnrgy.  Thermal  Metallurgy.  Chemical  Metallurgy.  Mechanical  Metallurgy.  Corrosion.  Metal 
Physics. 

Mineral  Products.  Faigineering  Ceramics.  Glass.  Refractories.  Enameled  Metals.  (Jonsliliition  anti  Mi- 
crostructure. 

Building  Technology.  Strueliiral  ICngineering.  F^ire  Protection.  Air  Conditioning,  Healing,  and  Refrigt^a- 
tion.  Floor,  Roof,  and  Wall  Coverings.  Codes  and  Safely  Standards.  Hrtal  1’ransfer.  Concreting  Materials. 

Ap]»iied  Mathematics.  Numerical  Analysis.  Computation.  Statistical  Engineering.  Mathematical  Physics. 

Data  Proce.ssing  .‘systems.  SIlAC  Engineering  Group.  Components  and  Techniques.  Digital  Circuitry. 
Digital  Systems.  Analog  Systems.  Application  I'mgineering. 

• OlTice  of  Basic.  Instrumentation.  • Office  of  Weights  and  Measures. 

BOULDER,  COLORADO 

Cryogenic  Engineering.  Cryogenic  Equipment.  Cryogenic  Processes.  Properties  of  Materials.  Gas  Lique- 
faction. 

Radio  Propagation  Phy.sic.s.  Upper  .Atmosphere  Research.  Tonosph(;ric  Research.  Rcgidar  Pro[>agalion 
Servic(;s.  Siin-F.arlh  Relationships.  VII F Re.search.  Radio  Warning  Services.  Airglow  and  Aurora.  Radio 
Astronomy  and  Arctic  I’ropagalion. 

Radio  Propagation  Engineering.  Data  Reduction  Instrumentation.  Modulation  Research.  Radio  Noise. 
Tro[)OKpheric  Measiirefncnls.  'rro|)osphenc  Analysis.  Propagation  Obstacles  F.nginecriug.  Radio-McU-or- 
ol«)gy.  Low<-r  Atmosphere  Physics. 

Radio  S(andar«ls.  High  l’r<'(piency  Elc<-irical  Standards.  Railio  Broadcast  Service.  High  Frc<|ucucy  Im.' 
p(!daric(i  .Standards.  I'dectronic  Calibration  Center.  Microwave  Physics.  Microwave  Circuit  Stamlards. 

Ra<lio  (iomimiiiieat ion  and  .Systems.  Low  Fnspieney  and  Very  Low  l'’rc(picncv  Research.  High  Frc- 
<pien.  y and  Very  High  I’rcfpicncy  Rcsi  arch.  UItTa  High  Frc(pieucy  and Su|>er  High  Fr<  (pi('uc\  Reseaia  h.  Modula- 
tion Rescandi.  Antenna  R«-scareh.  Navigation  .Systems.  Svstems  Analysis.  Fichl  ( Ipcra tious. 
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